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ABSTRACT
Objective: Intracerebral hemorrhage (ICH) is the second most 
common subtype of stroke. The objective of this study was 
to identify differences between Saudi and non-Saudi patients 
regarding demographics, clinical conditions, and associated ICH 
outcomes. 

Methods: This retrospective study included patients with ICH 
(ICD-10 code I61) admitted to a university hospital in Saudi 
Arabia from April 2014 to April 2019. ICH prevalence patterns 
were divided into 4 age groups: aged < 60, 60–69, 70–79, 
and ≥ 80 years. Patient data were collected from the hospital 
stroke registry. Several outcomes were investigated including 
death, modified Rankin Scale (mRS) score, external ventricular 
drain (EVD), and hemicraniectomy. The influence of various 
demographic and risk factors was studied for each outcome 
using several analytic techniques.

Results: Of 148 patients, 53% were Saudi and 47% were non-
Saudi. Death was reported in 28% of patients and was influenced 
by many factors including impaired renal function test (> 1.2 
mg/dL in females and > 1.4 mg/dL in males) and hematoma size 
expansion. An unfavorable mRS score after ICH was influenced 
by impaired renal function test, Glasgow Coma Scale score, and 
smoking history. EVD insertion was influenced by intraventricular 
extension of hematoma and being non-Saudi. Hemicraniectomy 
procedures were associated with impaired renal function test.

Conclusion: Non-Saudi ICH survivors had significant 
intraventricular extension of hematoma and required more 
neurosurgical interventions such as EVD procedures compared 
to Saudi patients. Both groups had associated comorbidities 
that may influence the incidence of ICH. Appropriate medical 
care to prevent stroke complications, especially for the older 
male population, as a strategy for secondary prevention of such 
neurologic sequelae is recommended.
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Strokes are defined as a rapid neurologic deficit following 
interference of the related blood supply. In general, stroke 

is divided into ischemic and hemorrhagic subtypes.1 In this 
study, we mainly focused on the entity of hemorrhagic strokes, 
particularly intracerebral hemorrhage (ICH). ICH accounts 
for the second most common subtype of stroke.2 Globally, the 
occurrence of ICH ranges from 12 to 31 per 100,000 people, 
along with its replication rate every 10 years after age 35 years. 
It also carries a higher percentage of significant disability and 
morbidity based on the modified Rankin Scale3 (mRS) system 
among stroke patients.4,5

It is well acknowledged that ICH occurs due to primary 
causes, for instance, the breakup of small vessels associated 
with chronic hypertension or in elderly patients presenting 
with amyloid angiopathy. Also, secondary causes most often 
occur due to vascular anomaly or central nervous system 
tumors.6 Furthermore, its mechanism has been linked to 
multiple risk factors and associated variables including 
genetics; demographics; comorbid conditions like diabetes, 
hypertension, or chronic kidney disease; and antithrombotic 
use.6

From this perspective, the aim of the present study was 
to illustrate the differences between the Saudi and non-Saudi 
population regarding ICH-related demographics, risk factors, 
clinical courses, and associated outcomes. Limited studies 
have been conducted among the Saudi population on the 
precise prevalence and related factors regarding ICH. Yaqub 
et al7 conducted a study with 200 Saudi stroke patients and 
found that cerebral hemorrhages occurred in 6.5% of stroke 
patients. Another study by Awada and al Rajeh8 demonstrated 
that most of the hemorrhagic strokes were ICH, and only 2% 
of all strokes were subarachnoid hemorrhage. No further 
analysis of the significance of associated outcomes has been 
made.9 Therefore, this retrospective study was designed to 
demonstrate the differences among the 2 groups regarding 
ICH outcomes.

METHODS

This study was a quantitative retrospective study, as it 
sought to investigate the effect of ICH on different variables 
such as patient demographics, being Saudi versus non-Saudi, 
premorbid and postmorbid conditions including death 
incidence, possibility of external ventricular drain (EVD) 
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Table 1. Characteristics of Patients With Intracerebral 
Hemorrhage 

Patients
Characteristic n %
Saudi
No 70 47
Yes 78 53
Age group, y
< 60 86 58
60–69 34 23
70–79 17 11
≥ 80 11 7
Sex
Female 48 32
Male 100 68
Low-density lipoprotein, mg/dL
≥ 70 112 76
< 70 36 24
Hemoglobin A1c, %
≤ 6.5 54 36
> 6.5 94 64
Baseline antiplatelets
No 102 69
Yes 46 31
Smoking
No 110 74
Yes 38 26
Ischemic heart disease
No 112 76
Yes 36 24
Impaired renal function test, mg/dL
≥ 60 104 70
< 60 44 30
Alcohol
No 125 84
Yes 23 16
Creatine level, mg/dL
 ≤ 1.2: female or ≤ 1.4: male 96 65
> 1.2: female or > 1.4: male 52 35
Preexisting hypertension
No 56 38
Yes 92 62
Hypertension after intracerebral hemorrhage
No 92 62
Yes 56 38
Acute hypertensive response
> 200 mm Hg 71 48
> 180–200 mm Hg 24 16
160–180 mm Hg 23 16
140–150 mm Hg 25 17
< 140 mm Hg 5 3
Glasgow Coma Scale
≥ 13 96 65
12–9 20 14
≤ 8 32 22
 

insertion, and hemicraniectomy status using secondary data 
from a health management system. The study was conducted 
at King Fahad University Hospital, Al-Khobar, Saudi Arabia. 
Data were gathered from the stroke registry at the hospital 
for patients diagnosed with ICH between April 2014 and 
April 2019. ICD-10 code I61 was applied, and a standard 
protocol approval and registrations were obtained from the 
local institutional review board (ethics committee; Imam 
Abdulrahman Bin Faisal University, Dammam, Saudi Arabia; 
IRB no. 2018-01-002). Informed consent was not required, 
as no patients were contacted, and all data were identified in 
the King Fahad University Hospital stroke registry.

Study Sample
Patients were identified using the following inclusion 

and exclusion criteria. The inclusion criteria were limited 
to patients diagnosed with ICH, past medical history 
of hypertension, and persistence of an elevated blood 
pressure (BP) level > 140/90 mm Hg for 2 weeks post-ICH. 
The exclusion criteria included patients with a history of 
subdural and epidural hematomas, evidence of traumatic 
ICH, vascular anomalies or subarachnoid hemorrhage, 
central nervous system tumors related to hemorrhage, 
ischemic stroke with hemorrhagic transformation, and other 
systemic causes of ICH such as nonhypertensive bleeds or 
antithrombotic use.

Explanatory Variables
Eligible patients were further analyzed per their 

demographics; ICH prevalence patterns divided into 4 age 
groups: aged < 60, 60–69, 70–79, and ≥ 80 years; comorbidities 
such as diabetes mellitus (defined per the World Health 
Organization); fasting blood sugar level > 126 mg/dL or 
2-hour plasma glucose > 200 mg/dL10; and abnormal kidney 
function as defined by a glomerular filtration rate (GFR) < 60 
mL/min/1.73m2.11 Furthermore, an abnormal lipid profile 
(low-density lipoprotein level [LDL] < 70 mg/dL), smoking 
status, previous consumption of antiplatelets, alcohol intake, 
and ischemic heart disease were also assessed.

Patients’ clinical presentations post-ICH were determined 
by the level of consciousness and assessed with the Glasgow 
Coma Scale11 (GCS) with scores ranging from mild (GCS: 
13–15) to moderate (GCS: 9–12) to severe (GCS: ≤ 8). The 

patients’ systolic BP levels were classified as mild if the 
readings were between 140 and 180 mm Hg and severe 
if > 180 mm Hg, in line with the acute hypertensive response, 
which is the presence of high systolic BP ≥ 140 mm Hg 
on 2 recordings taken 5 minutes apart within 24 hours of 
symptom onset.12

Moreover, the radiologic location of ICH in computed 
tomography (CT) or magnetic resonance imaging (MRI) 

Clinical Points
 ■ Appropriate medical management of comorbidities among 

intracerebral hemorrhage (ICH) survivors are the mainstay 
of post-ICH care.

 ■ Non-Saudi ICH survivors had significant intraventricular 
extension of the hematoma and required more 
neurosurgical interventions such as external ventricular 
drain procedures compared to the Saudi population.

 ■ Non-Saudi patients had better modified Rankin Scale scores 
of 3 to 4 compared to 6 in the Saudi group, which need to 
be addressed for rehabilitation purposes. 
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Table 2. Comorbid Conditions of Patients With Intracerebral 
Hemorrhage 

Patients
Comorbid Conditions n %
Seizures
No 126 85
Yes 22 15
Intubation
Yes 38 26
No 110 74
Intraventricular extension
No 104 70
Yes 44 30
CT lobar location
Yes 103 70
No 45 30
CT supratentorial and infratentorial location
Yes 115 78
No 33 22
CT bleeding location
Basal ganglia 60 41
Thalamus 26 18
Lobar 29 20
Pontine 16 11
Other 17 11
Hematoma size, mL
≤ 30 116 78
> 30 32 22
Hematoma extension
No 133 90
Yes 15 10
Outcome
Discharge 107 72
Death 41 28
Modified Rankin Scale score
1 5 3
2 25 17
3 32 22
4 38 26
5 6 4
6 43 29
External ventricular drain
No 120 81
Yes 28 19
Hemicraniectomy
No 136 92
Yes 12 8
Abbreviation: CT = computed tomography.

Table 3. Analysis of Patient Characteristics: t Test Resultsa

Factor
Saudi,

Mean (SD)
Non-Saudi,
Mean (SD) t

P 
Value

Age, y 57.74 (14.210) 62.50 (15.745) −1.921 .057
Low-density 

lipoprotein, mg/dL
108.17 (40.129) 95.22 (37.401) 2.032 .044

Hemoglobin A1c, % 6.314 (1.4189) 6.899 (1.8350) −2.149 .033
Creatine level, mg/dL 1.3677 (0.63666) 1.6835 (1.95266) −1.292 .198
adf = 146 for all factors.

scans was also considered and classified as (1) supratentorial: 
basal ganglia, thalamus, and lobar; (2) infratentorial: brain 
stem and cerebellum; (3) multiple sites; and (4) primary 
intraventricular. Accompanied complications such as 
intraventricular extension, edema, and hydrocephalus were 
also considered. ICH volume was calculated via the “ABC/2 
method” (A: wideness, B: length, and C: height, based on 
the section number found in the CT)13 and was further 
classified according to size into < 30 mL and > 30 mL. Head 
MRI using the modified Boston criteria14 was performed in 
select patients (those aged > 55 years with lobar hemorrhage) 
to assess the underlying cerebral amyloid angiopathy.

Outcome Variables
First, patient outcomes were represented by the mRS as 

0 = no symptoms; 1 = no significant disability, able to carry 
out all usual activity; 2 = slight disability, unable to carry out 
usual activity; 3 = moderate disability, requires help but able 
to walk unassisted; 4 = moderately severe disability, unable 
to walk unassisted; 5 = severe disability, requires constant 
help, bedridden; and 6 = death.15 Second, 30-day mortality 
was considered. Third, the use of neurosurgical intervention 
such as hemicraniectomy or EVD insertion as treatment 
options for post-ICH complications was considered.

Prior to conducting the analysis, a data-cleaning process 
was implemented to improve the quality of the data and 
analysis. Several missing data were identified and replaced 
by the mean for continuous variables and median for 
categorical variables. A multicollinearity issue was also 
detected with variance inflation factor scores > 10 for 2 
variables: alcohol and preexisting hypertension. Both 
variables were removed to eliminate the multicollinearity 
issue. Additionally, several variables were transformed to 
correspond with the literature.

Various analytic techniques were conducted including 
t test, χ2, logistic regression, multiple regression, and 
correlation analysis. t test and χ2 were used for comparative 
analysis to identify the significant differences between Saudi 
and non-Saudi patients in terms of the various factors. t 
test was used to compare the groups with continuous 
factors, and χ2 was utilized for categorical factors. Logistic 
regression was used to identify the factors that have an 
effect, including being Saudi or non-Saudi, as well as for 
postmortem outcomes including EVD insertion and the 
hemicraniectomy process. Multiple regression was utilized 
to determine factors including being Saudi or non-Saudi 
and mRS score. The analysis was conducted with SPSS 
version 25.

RESULTS

Descriptive Analysis
Tables 1 and 2 provide the descriptive analysis results of 

patient characteristics and comorbid conditions. The results 
showed that 53% of patients were Saudi, and 47% were 
non-Saudi, which indicates that the sample was relatively 
equally divided. Additionally, the mean age of the patient 
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Table 4. Analysis of Patient Characteristics: χ2 Results

Non-
Saudi Saudi

Factor n % n % β P Value
Age group, y
< 60 55 37 31 21 24.315 .001
60–69 10 7 24 16
70–79 2 1 15 10
≥ 80 3 2 8 5
Sex
Female 16 11 32 22 5.557 .018
Male 54 36 46 31
Low-density lipoprotein, mg/dL
≥ 70 54 36 58 39 0.155 .693
< 70 16 11 20 14
Hemoglobin A1c, %
 ≤ 6.5 19 13 35 24 5.004 .025
> 6.5 51 34 43 29
Baseline antiplatelets
No 55 37 47 32 5.777 .016
Yes 15 10 31 21
Smoking
No 53 36 57 39 0.134 .714
Yes 17 11 21 14
Ischemic heart disease
No 53 36 59 40 0.000 .992
Yes 17 11 19 13
Impaired renal function test, mg/dL
≥ 60 50 34 54 36 0.085 .770
< 60 20 14 24 16
Creatine level, mg/dL
 ≤ 1.2: female or ≤ 1.4: male 46 31 50 34 0.042 .838

> 1.2: female or > 1.4: male 24 16 28 19

Preexisting hypertension
No 31 21 25 17 2.348 .125
Yes 39 26 53 36
Hypertension after ICH
No 39 26 53 36 2.348 .125
Yes 31 21 25 17
Acute hypertensive response
No 46 31 49 33 0.134 .714
Yes 24 16 29 20
Acute hypertensive response, mm Hg
> 200 34 23 37 25 6.745 .150
>180–200 12 8 12 8
160–180 13 9 10 7
140–150 7 5 18 12
< 140 4 3 1 1

Non-
Saudi Saudi

Factor n % n % β P Value
Glasgow Coma Scale
≥ 13 48 32 48 32 4.882 .087
9–12 12 8 8 5
≤ 8 10 7 22 15
Seizure
No 60 41 66 45 0.035 .851
Yes 10 7 12 8
Intubation
Yes 14 9 24 16 3.291 .193
No 56 38 53 36
Intraventricular extension
No 51 34 53 36 0.425 .514
Yes 19 13 25 17
CT lobar location
No 53 36 50 34 2.351 .125
Yes 17 11 28 19
CT supratentorial-infratentorial location
No 53 36 62 42 0.303 .582
Yes 17 11 16 11
CT bleeding location
Basal ganglia 33 22 27 18 6.098 .297
Thalamus 10 7 16 11
Lobar 10 7 19 13
Pontine 9 6 7 5
Other 8 3 7 5
Hematoma size, mL
 ≤ 30 56 38 60 41 0.206 .650
> 30 14 9 18 12
Hematoma extension
No 63 43 70 47 0.003 .959
Yes 7 5 8 5
Death
No 54 36 53 36 1.557 .212
Yes 16 11 25 17
Modified Rankin Scale score
1 2 1 3 2 11.919 .036
2 13 9 12 8
3 18 12 14 9
4 23 16 14 9
5 1 1 5 3
6 13 9 30 20
External ventricular drain
No 53 36 67 45 2.494 .114
Yes 17 11 11 7
Hemicraniectomy
No 63 43 73 49 0.638 .424
Yes 7 5 5 3

Abbreviations: CT = computed tomography, ICH = intracerebral hemorrhage.

Table 5. Logistic Regression Factor Results for Outcomes

Factor B
Standard 

Error Wald Significance Exp(B)
Impaired renal 

function test
3.386 0.590 32.962 .000 29.547

Intubation −2.310 0.601 14.780 .000 0.099
Hematoma 

extension
1.852 0.783 5.589 .018 6.374

Saudi 0.355 0.518 0.468 .494 1.426
Constant 1.085 1.008 1.157 .282 2.959

sample was 60 years with a male predominance. Regarding 
the comorbid status, 64% of participants were diabetic with 
a hemoglobin A1c (HbA1c) value > 6.5.

Furthermore, the results revealed several associated 
factors. Only 31% of the patients were taking baseline 
antiplatelet medications; 62% had uncontrolled preexisting 
hypertension, 48% had uncontrolled BP with a systolic BP 
> 200 mm Hg, and 17% had a BP between 150 and 200 mm 
Hg. Also, most patients (85%) had no history of seizures. 
Most patients did not drink alcohol (84%), were nonsmokers 
(74%), and had no history of preexisting ischemic heart 
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Table 6. Multiple Regression Factor Results for Modified Rankin 
Scale

Unstandardized 
Coefficients

Standardized 
Coefficients

Factor B Standard Error β t Significance
Constant 2.328 0.260 . . . 8.964 .000
Impaired renal 

function test
1.255 0.237 0.371 5.304 .000

Glascow Coma 
Scale

0.583 0.132 0.310 4.405 .000

Smoking 0.552 0.246 0.156 2.243 .026
Saudi 0.395 0.217 0.127 1.818 .071
 

Table 7. Logistic Regression Factor Results for External 
Ventricular Drain

Factor B
Standard 

Error Wald Significance Exp(B)
Intraventricular 

extension
3.336 0.592 31.775 .000 28.118

Saudi −1.257 0.552 5.184 .023 0.284
Constant −2.517 0.482 27.292 .000 0.081
 

Table 8. Logistic Regression Factor Results for 
Hemicraniectomy

Factor B
Standard 

Error Wald Significance Exp(B)
Sex (male) 2.148 1.154 3.462 .063 8.565
Creatine level 1.918 0.770 6.208 .013 6.804
Glascow Coma Scale −1.634 0.723 5.112 .024 0.195
Intubation −4.055 1.330 9.301 .002 0.017
Saudi −0.471 0.692 0.462 .497 0.625
Constant 4.296 3.140 1.872 .171 73.418

disease (76%) or renal failure (70%). Furthermore, most 
patients (76%) had dyslipidemia (LDL levels > 70 mg/dL).

Furthermore, most participants had a moderate GCS 
≥ 13 (65%), and 78% had an ICH volume < 30 mL. The 
data showed a high incidence of association of ICH with 
supratentorial bleeds within basal ganglia (41%) and limited 
extension to intraventricular spaces (90%).

Regarding post-ICH outcomes, 26% had an mRS score of 
4, and 30-day mortality occurred in only 28%. In addition, 
most of the patients did not require either an EVD insertion 
(81%) or hemicraniectomy (92%).

Comparative Results
Comparative analyses were implemented to measure the 

significant differences between Saudi and non-Saudi patients 
in terms of various patient characteristics using t test and χ2 
methods. As presented in Table 3, the t test results showed 
that Saudi and non-Saudi participants had significant 
differences in LDL and HbA1c levels, which indicated that 
Saudi patients have a higher mean LDL value (108 mg/dL 
compared to 95 mg/dL in non-Saudi patients), whereas non-
Saudi patients had a higher mean HbA1c value (6.8 compared 
to 6.3 in Saudi patients) due to various contributing factors 
including diet regimen, medication compliance, and genetic 
background between the 2 groups. 

Table 4 shows the χ2 results of the 2 groups for several 
factors. The results indicated that Saudi and non-Saudi 
participants were significantly different regarding age, as 
most Saudi patients were aged > 60 years, and non-Saudi 
patients were aged < 60 years. The results also demonstrated 
a significant difference between the 2 groups in terms 
of sex, as there were more male patients in both groups. 
Additionally, the results showed significant differences 
between the 2 groups in terms of baseline antiplatelet use 
and mRS scores. Particularly, the baseline antiplatelet intake 
results showed that the non-Saudi population had a higher 

usage of antiplatelets (37%) than the Saudi patients (32%). 
Finally, Saudi patients had higher mRS scores of 6 (20%) 
compared to the non-Saudi population of 3 to 4 (16%).

Outcomes
Using logistic or multiple regressions, we explored 

multiple patient outcomes including deaths, mRS score 
after ICH, and possibilities for hemicraniectomy and 
EVD insertion as treatment options after the known 
complications of ICH.

Deaths. The result of the model fit indicated that the 
model was able to predict 58% of the death status. Three 
factors were found to be significant with death, as shown 
in Table 5. Impaired renal function test and hematoma 
extension had a positive significant effect on death status, 
whereas intubation had a negative significant effect 
on death. The results also indicated that there was no 
significant effect of being Saudi or non-Saudi on the death 
outcome.

mRs. With an R square equal to 0.31, 3 significant 
factors were found to positively influence the mRS score, 
as presented in Table 6. These factors were impaired renal 
function test > 1.2 mg/dL in females and > 1.4 mg/dL in 
males, GCS, and smoking status. However, being Saudi or 
non-Saudi had no influence on mRS score.

EVD insertion. The model was able to predict 45% of the 
EVD outcome. The results, as provided in Table 7, showed 
only 2 factors that influenced the EVD insertion, which 
were being non-Saudi and the status of intraventricular 
extension.

Hemicraniectomy. The model was able to predict 31% 
of the hemicraniectomy outcome. The results in Table 8 
demonstrate that creatine levels > 1.2 mg/dL in females 
and > 1.4 mg/dL in males had a positive significant impact 
on hemicraniectomy, whereas GCS and intubation status 
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had a negative significant effect on hemicraniectomy. The 
results also demonstrated that being Saudi or non-Saudi had 
a nonsignificant influence on hemicraniectomy.

DISCUSSION

The findings of this retrospective study showed no 
significant effect of being Saudi (local country inhabitant) 
versus non-Saudi (nonlocal including tourists, visitors, or 
employees) on the ICH clinical outcome of mRS score, 
hemicraniectomy procedures, and death. On the other 
hand, the use of EVD insertion was higher among the non-
Saudi group, who had a higher incidence of intraventricular 
extension of hematoma compared to the Saudi group.

One objective of this study was to explore the association 
of the significant effect of being Saudi versus non-Saudi 
on the ICH-related risk factors and comorbid status, as 
explained earlier in the comparative results and descriptive 
analysis sections. The statistical analysis was conducted 
based on a relatively equal distribution of Saudi and non-
Saudi patients. The results showed that most Saudi patients 
were aged > 60 years and male. Alhazzani et al16 and Al-Jadid 
and Robert17 conducted studies that showed similar results 
within Saudi Arabia’s stroke registry.9,10

Furthermore, Saudi patients had higher mRS functional 
baseline scores, LDL ratios > 70 mg/dL, and no previous 
consumption of antiplatelet medications, which should 
contribute to worse clinical outcomes for ICH among Saudi 

patients, but our data demonstrated no such difference 
between the Saudi and non-Saudi groups regarding death 
outcome. This result may indicate that dyslipidemia and 
negative antiplatelet consumption were independent of an 
ICH death outcome among both groups, and further risk 
factors need to be addressed.

Interestingly, our study showed no significant effect or 
influence among the 2 groups on ICH outcomes including 
hemicraniectomy status and mRS score. On the other hand, 
being non-Saudi was associated with higher incidence of 
EVD insertion among survivors due to intraventricular 
extension of hematoma. Finally, the significant correlation 
among the 2 groups regarding post-ICH complications 
has, to our knowledge, not been investigated before. Future 
studies must conduct further analysis.

CONCLUSION

ICH and clinical outcomes including mRS score, 
hemicraniectomy procedures, and death among the Saudi 
versus non-Saudi population were not significantly different. 
However, certain comorbidities were significant among the 
2 groups, which may influence the incidence of ICH and 
the post-ICH treatment plan. From this perspective, we 
encourage appropriate medical care that will prevent stroke 
complications, especially for the older male population, 
as a strategy for secondary prevention of such neurologic 
sequelae.
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